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A COMPARATIVE STUDY OF THE CONCENTRATIONS OF NONPROTEIN,
UREA, AND AMINO ACID NITROGEN IN THE MATERNAL AND
FETAL PLASMAS OF SHEEP AND GOATS**
During the course of a study of placental function,' the concentration of
nonprotein nitrogen in the fetal and maternal plasmas in sheep and goats
was determined routinely. Although the samples were obtained during
experiments which were primarily designed for other purposes, there was
no reason to believe that the levels of N.P.N. would be altered. As the data
indicated a difference in concentration on the two sides of the placental
barrier, the study was extended to include a comparison of the urea and
amino-acid nitrogen levels in the maternal and fetal plasmas as a step toward
an understanding of the role of the five-layered, syndesmochorial placenta
of the ruminants in the nitrogen metabolism of the fetus. The results of
these comparisons, made on samples obtained from sheep and goats at
known stages in the latter two-thirds of the gestation period (circa 145-150
days), form the substance of this report.
MATERIALS AND METHODS
The sheep and goats used in the experiments were healthy, well-nourished animals.
The goats were either Toggenbergs or Sanaans, and the sheep, Dorsets or Hampshires.
The animals were kept off feed for two days prior to the experiment. They were
anesthetized with intravenous chloralose (7 ml. per kg. of body weight of an isotonic
solution containing 5 g. of chloralose, 5.8 g. of sodium chloride, and 4.0 g. of sodium
bicarbonate per liter of water).
The plan was to draw samples simultaneously from a fetal and maternal vessel
into syringes moistened with heparin, but, frequently, one sample was obtained a minute
or two after the other. The maternal samples were drawn from the uterine artery or
vein, sometimes from both vessels, through catheters used to obtain the blood samples
used for the estimation of uterine blood flow. The fetal samples were drawn through
needles from either one or both of the umbilical vessels after delivery of the cord
through a small incision in the uterine wall. When samples were drawn from both
umbilical vessels and the uterine artery and vein, the results from each pair were
averaged.
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Immediately after the samples were drawn, the cells and plasma were separated by
centrifugation. The plasma was then removed and stored in capped syringes at 4° C.
The nonprotein nitrogen was determined by the method of Wong, modified by Buell
and Archibald as described in the manual "Clinical Methods for the Coleman Junior
Clinical Spectrophotometer."' As the N.P.N. levels in the plasma samples were in
TABLE 1. TOTAL NONPROTEIN NITROGEN IN MATERNAL AND FETAL
PLASMAS OF SHEEP AND GOATS (MGS. PER 100 ML. PLASMA)
Maternal
plasma
24.0
21.0
48.0
39.0
26.9
42.0
37.0
15.2
20.0
14.3
31.0
42.0
49.7
37.0
39.1
58.4
19.9
63.6
51.8
59.4
52.8
28.0
13.7
35.3
31.0
21.3
25.0
29.0
17.0
Fetal
Plasma
55.0
44.0
52.4
63.7
41.4
78.0
59.0
27.6
38.0
21.8
60.0
78.0
84.7
64.0
53.4
73.6
34.0
58.9
89.6
68.0
57.3
43.0
18.5
49.5
60.0
30.3
26.0
49.0
33.0
Fetal maternal
31.0
23.0
4.4
24.7
14.5
36.0
22.0
12.4
18.0
7.5
29.0
36.0
35.0
27.0
14.3
15.2
14.1
-4.7
37.8
7.6
4.5
15.0
4.8
14.2
29.0
9.0
1.0
20.0
16.0
some cases much higher than those normally occurring in human plasma, only 0.5 cc.
samples were deproteinized with 9.5 cc. of trichloracetic acid so that the plasma was
diluted 1-20 instead of 1-10 as in the original method. Digestion was carried out on
0.5 cc. portions of the filtrate. The urea and amino-acid nitrogens were determined in
duplicate on 0.5 cc. samples by the methods of Van Slyke" and Hamilton and
Van Slyke respectively.
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Gestation age,
days
60
61
73
77
88
90
90
95
105
111
112
115
115
116
117
120
122
123
124
125
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131
133
136
137
139
141
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RESULTS
Nonprotein nitrogen. Comparisons of the concentrations of the non-
protein nitrogen in the maternal and fetal plasmas were made in 25 goats
and 4 sheep. The gestation ages of the fetal goats ranged from 60 to 139
days; the ages of the fetal sheep were 115, 141, 142, and 144 days re-
spectively. The results of the comparisons are presented in Table 1. The
concentration of the nonprotein nitrogen in the plasmas of the does and
ewes varied over a wide range (i.e., 14 to 64 mgs. per cent); the range of
TABLE 2. URA NITROGEN IN MILLIGRAMS PER 100 ML.
OF PLASMA WATR
Fetal age Maternal Fetal Fetal minus
in days plasma plasma maternal
73 25.6 31.1 5.5
77 18.9 18.7 -02
78 19.7 18.7 -1.0
85 25.3 27.1 1.8
117 25.3 26.0 0.7
122 28.6 twin a 31.1 2.5
b 32.3 3.7
123 23.0 27.1 4.1
124 25.2 26.0 0.8
125 23.0 25.0 2.0
126 262 twin a 28.1 1.9
" b 28.1 1.9
136 23.0 24.0 1.0
139 20.8 23.9 3.1
variation in the fetal plasmas was even greater-18 to 89 mgs.-with no
apparent level, or change in level, associated with the gestation age in either
the fetal or maternal plasma, though a high concentration in the maternal
plasma was usually associated with ahigh fetal level. With but oneexception
-a goat with two fetuses 123 days' gestation age in which the fetal levels
were, respectively, 1 and 3 mgs. per cent lower than the maternal-the non-
protein nitrogen concentration was higher in the fetal plasma by amounts
that ranged from 1 to 38 mgs. per cent. That one exception is at the
nmoment inexplicable, for there is nothing in our protocols to suggest that
the circumstances of sampling or the condition of the doe were unusual.
Urea nitrogen. Comparisons of the urea nitrogen concentrations of ma-
ternal and fetal plasmas were made in 12 goats; two of the does carried
twins. The fetal kids ranged in gestation age from 73 to 139 days. The
results, corrected and expressed in mgs. per 100 cc. of plasma water (Table
370
Volume 30, Apwil 1958Nitrogen in fetal and maternal plasmas I DE BELLA
2), demonstrate that theurea nitrogen ofthe maternal plasmavariedbetween
18.9 and 28.6 mg. per 100 cc. H20 while the range in the fetal plasma was
between 18.7 and 32.3 with no apparent correlation between gestation age
and plasma level. In two cases-in fetuses of 77 and 78 days' gestational
age-the concentrations in the two plasmas were equal; in all the others the
concentrationof the urea nitrogenwashigher inthe fetal sideoftheplacenta.
TABLE 3. AMINo-ACID NITROGEN IN MATERNAL AND
OF SHEEP AND GOATS (MGS. PER 100 ML. PLASMA)
Fetal age
in days
45
47
65
73
78
117
120
123
125
126
136
FETAL PLASMAS
Maternal Fetal
plm plm
3.15 10.32
5.25 9.27
4.97 9.22
5.24 11.20
4.13 7.57
5.29 20.30
4.91 twin a 10.94
" b 12.74
3.22 11.12
4.71 14.59
424 twin a 9.71
. &99
621 15.13
The greatest difference in concentration across the placental
7 mgs. per 100 cc. plasma H20.
Fetal/Maternal
3.28
1.76
1.85
2.18
1.83
3.84
2.22
2.53
3.42
3.09
2.29
2.12
2.44
barrier was
Amino-acid nitrogen. The concentration of the amino acid nitrogen was
determined on the plasmas of 1 sheep, 8 goats, and their 13 fetuses. Though
5 of the does carried twins, plasma samples were obtained from both fetuses
in but two cases. The results uncorrected for urea are presented in Table 3.
In the plasma of the adults the concentration of the amino acid nitrogen
varied from 3.22 and 6.21 with an average value of 4.67 mgs. per cent; the
fetal levels ranged between 7.57 and 20.3, with the average 11.6. In every
case the concentration was higher in the fetal than in the corresponding
maternal plasma. The ratio of the fetal to the maternal concentration
ranged from 1.76 to 3.84.
DISCUSSION
The data presented above, indicating that the concentration of the non-
protein nitrogen in the plasma of the fetal kid or lamb tends to be higher
throughout the last three months of the gestation period than it is in the
371
Species
Sheep
Goat
,.
it
IVYALE JOURNAL OF BIOLOGY AND MEDICINE
corresponding maternal plasma, are in general agreement with those of
earlier studies of a similar character on whole blood, plasma or serum (see
Needham's Chemical embryology, vol. 3, p. 1515). Direct comparisons are
rnot easily made, for in the earlier work observations were either limited to
materials obtained at the end of term,n or the gestation ages of the fetuses
were not accurately known.2 Nevertheless, there appears to be agreement
on two other trends between the observations reported here and earlier
work: (i) the range of variation in the concentration of the N.P.N. in the
fetal plasma or blood appears to be greater than it is in the maternal, and
(ii) when the level in the maternal plasma is raised, the fetal level tends to
be elevated as well.
Where comparisons have been made of the concentrations of urea in the
maternal and fetal plasmas or bloods (see Needham'0), the results indicate
that in man, the rabbit, and the dog they are the same on the two sides of
the placental barrier. In contrast, with but one exception (see Table 2) the
urea concentration in the fetal plasma of the goat, expressed in mgs. per
100 cc. of plasma water, was higher than the maternal. As urea un-
doubtedly normally diffuses from the fetal to the maternal plasma, the
tendency toward a steeper gradient in the goat may be related to the thick-
ness of the tissue barrier that separates its fetal and maternal bloods. In the
goat there are five separating layers, four in the dog, and three in man and
the rabbit.8
There is general agreement among those who have used the method of
Hamilton and Van Slyke' in their comparisons that the concentration of the
amino-acid nitrogen is higher in the fetal plasma than it is in the maternal.
Christensen and Streicher' found that the ratio NH2N was 1.7 to 1.8 in NH2Nm
man, 1.5 to 2.0 in the rabbit, and 5.0 in the guinea pig. In samples taken at
birth, Clementson and Churchman' found human ratios of the same order,
i.e., 1.38-1.65; on similar material Crumpler, Dent, and Linden7 reported
ratios of 1.03 to 3.00. As the fetal-maternal ratios for the goats range from
1.76-3.84, the data available do not suggest that there is any correlation
between the relative concentrations of amino acids on the two sides of the
placental barrier and the number of tissue layers composing it for the ratios
are of the same order of magnitude for man, rabbit, and the goat, though
the placental barrier is formed by three tissue layers in man, a single layer
in the full-term rabbit, and five in the goat.
The substantially higher concentration of the amino-acid nitrogen in the
fetal plasma supports the suggestion that the amino acids are actively trans-
ferred by the placenta from the maternal to the fetal side; though it does not
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establish that such a transfer takes place. The suggestion would, however,
gain support if it were shown that maternal blood lost and fetal blood gained
amino-acid nitrogen in passage through the placenta. This possibility is
being tested.
SUMMARY
Comparisons have been made of the nonprotein, urea, and amino acid
nitrogen concentrations in fetal and maternal plasmas of sheep and goats
sacrificed at selected stages in gestation. In only one of 29 cases was the
total N.P.N. of the fetal plasma lower than that of the maternal; in all
others it was higher by varying amounts up to 37.8 mgs. per cent. The urea
nitrogen, expressed in mgs. per cent of plasma water, was slightly lower in
the fetal than in the maternal plasma in 2 of the 12 cases compared. In the
other 10, it was higher on the fetal side, though the differences were small.
The amino-acid nitrogen concentration in the fetal plasma was the higher
in all 11 cases compared. The ratio of the fetal to the maternal concentra-
tions ranged from 1.76 to 3.84.
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